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(57) Abstract: A process for producing a porous thick film of oxide wherein the number of cracks is extremely small, the porous 
thick film satisfactorily usable as an oxygen partial pressure detecting part of oxygen sensor. In particular, a process for producing 
a porous thick film as an oxygen partial pressure detecting part of resistance oxygen sensor, comprising providing a raw material 
of fine particle powder of an oxide including cerium oxide; forming the raw material into an oxide-containing paste; applying the 
paste onto a substrate by screen printing; and subjecting the substrate with the paste to calcination and firing, characterized in that 
the process comprises the step of heat treatment for effecting particle growth from the average particle diameter of the powder to a 
particle diameter of less than the average particle diameter of ultimately obtained thick film; the step of mixing the powder after the 
particle growth with a solvent; the step of dispersing coagulated particles in the solvent; the step of removing deposits; the step of 
evaporating the solvent; and the step of mixing an organic binder with the oxide so as to obtain a paste. 



WO 2004/059308 Al IIIIIIIIIIIIIIIIIIIIIIIII 



ffi&&m$Lm*p%nz>*-to Aicw (jp). n®&=. 

(KANZAKI^huzo) [JP/JP]; T 463-8560 gfllS *^ M 
m^UJK^TiSStt^JX^rJH 2266#tft(D98 SftA 
fri&&Ag£ftffi&^P&Ffi*SB-te>*-rt Aichi 
(JP). 

(74) ttlA: £1% (SUDO,Masahiko); T 103-0022 S 
Tokyo (JP). 

(81) Ji^S (mto): AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, 
DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, 



SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) EiJZm (&&): ARIPO (BW, GH, GM, KE, LS, 

MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 3-— "7 *>7*# 
It (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — P y 
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, 
TR), OAPI *#f* (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

<D1J4 #>xy- hj £#fig 0 



WO 2004/059308 



PCT/JP2003/016469 



1 

mmm 

HH^tlT^ (fll^-feT, #HBH6 2 — 1 7 4 6 4 4-^&##M) o - 



WO 2004/059308 



PCT/JP2003/016469 



2 

|flA©Jfcflrtt**$&* t^5HI8^*o& («*.«, #H§¥0 7-6 3 

^^X^^^ViTft^lt^ab^fe^^fe^ (E. B. Varhegyi et al., 
Sensors and Actuator B, 18-19 (1994) 569 #M) . *5£W^*>li$> 

X% BMfc-fcU 2 0 0 nmit/h2 <-T^ili^J;t)> 

ftU»aae#*i$*C 10 0 Ot^tltS. tot, 1 0 0 0*C^T 
©2&^T, &JjfcSfr<*:a*&C&^ £5 fc, X*U->BJ»ISn:fcfe©& 

, ^ «) i o o o'csi@^siitMt5M^*s, 



WO 2004/059308 PCT/JP2003/016469 

3 

5 (#H2 002-25551 5 » £ © 

&ft*m%fc&(DmMm&t)mm£te x>u *b< 



£ t £ a 65 1 T Z> % <D T & £ o 

25 



WO 2004/059308 



PCT/JP2003/016469 



4 

-ftft&^tr^-x h^rf^^b, -€-n&X£ u->huhk: <fc DSS±I^ 

nii, tfcj«:R£ii:fcf&*&»ifct®^Tsi@t* 

shirrs is t, gim$t§i 

(2) #?L#JllO¥^tt^t<T%2 OOnmtfe^ilB (1) 

(3) MIIilUOMfiSt^*0¥^W$<tt)4 5 
nm-e^^BtffB (1) 1B*t©^ft#J*IR©«ii;£*fe. 

(4) 3ftfflSIgM®!&5fc 10*545 n m*$§-C& £itif 
IB (1) IS«c©^a#:ffM©mit^^o 

(5) ifflllllC^^T, 880*0* 5 9 2 0 < CT^#L3g3 iff 
IB (1) IB«©#?L#*M©Mjt^^o 

(6) hfcf&fe^^'fb^KDfiaJt^ 10*5 3 Ofi*%(C^^-r 
SMiB (1) f3a©#?L#:»m©^it^^c 

□ -r>A t^^trm{b^©m^^T?*§HulB (1) f3m©^?L#:ffM© 

(8) tffIB (1) *5 (7) ©ViTn*fc:|BiifiD^^fc«fcO«ifi$nfc 
, ^^y#©4>&V*, 2 0 0 nmKTT, 8 0 0tll^tt5 



WO 2004/059308 PCT/JP2003/0 16469 

5 



S«:SCti:^5&fe, BNt-feU 4 0 m o 1 %&T#SfSb 

V^o ^^©fe^te, 1 0 2 0 nm<£> £ 

15 ^/Jn£V> (4 0nm*^) , C^T V>*IMP#> & 5 ±fc&tik 

tt, W^lff, =fctti£, RtMc&^j£ffifc£#0!l*;£ns. it® 



WO 2004/059308 PCT/JP2003/016469 

6 

^&8 o o < c^±7W}gT&3^ cnwu z:n«k officii, 

5 §100 nmktSi^ttt, !^^M^«8 8 0 < C^_b^ £ 9 2 0t*t 
$FilT^^o ^nt V>3 ©fe, ^19 5 0t:^±-Z?<DiB^T«, 1 0 0 n 

Wfcf&SnsJM;© 3 ^*^* 10 0 nm^Tfclf 3 Z. t,tfi^*St&£fc 

z> & e> t $> 5 o 

fe^^r 10 0 nmllt^i^, &J&g$1* 4 5 nmPJit^n 

m$L<mtfi4 8 nm©»<&, ^ 7 y z ftm&x'piz v^?L#j?m^# e> n 

15 TVi§ 0 tot, JltlJ; X>±%^n%<DM / &X i b. 9 7 v 2 ©&V>^?L 

25 , ^iifciiftt, ^7^^4oiat&5. tot, mmi^rcWf- 



WO 2004/059308 



PCT/JP2003/016469 



7 

^fc&So &\z, Mb&^s, 3u$b&**e>, 

ftmtt'bo tisxm^zn&o b*b, erne, izmfe^nz hwi&ts: 

&^x. miky>)<DMm% &mfe(Dmizm&irz> z tiz & v % 
AjTc^-t, btmznzo mft;$?<z>m*%te, 0!i;U£> 10*5301 

&\z, z.0^-7, v&7,z v — >$imiz£. d^kepjsij-tso z<om 

t$>o < 0 £IS!^b£:i§'&, #< £ t^BjflTa&^o Xl^X, #^UC, Z 

ntiooot*>6i2oo , cfc*^T, ffif&v, m.$iMm.n^>w 



WO 2004/059308 PCT/JP2003/016469 

8 

m'&* : n?2>*><»£fcz>o umizu, ¥-mm.mz> 50-200 nm-e 

*tK <£D$F£b<te, 50-1007?^^, JK±©«3ft^fefc«k D# 
15 life, *B& f^t^g^t^^g^JbS. ± 

20 toisi:*^T, fc&snfcsso&^fci:, ±jfe©a:iR«si^*'r 

^M^JCOiiAa*^ iStiS 



WO 2004/059308 



PCT/JP2003/016469 



9 

EI 1 te, 7 □ — £^t"o 

EM) ^S^^-To 

10 0 3fciu ili 1 fc^^^^HMSTfe^^^siXigM^it^^lci: 

15 M5\z. mmmnz&^T, mit^mmx^s ofi»%T&s^-x 

@6«, mi^ll^43^T, mfl^fi*^ 3 0 — X 

0 7 14, mmMl\Z%>\,*T. iftiil%^2 0lI%Tj5§^-7 
20 b£fflV>Tglj£b£:J¥lg|<DS EM?*§*t, 

08te, HJM l £&^T, nfcWM&X&l 0ii%t^§^-X 

25 b 1 0 jtttfli 1 fc;fcv>T, 1 1 0 owmmtzk Qftznttrnm 



WO 2004/059308 PCT/JP2003/016469 

10 

BUS, JtUEW 2 \Z$>^T. mii%^3 0li%T?SS^- 

6 3* tlx, ^4IMM^£9 5 0*C£bfcJ§-&©» 

5 i*0SEM?I$it. 



T©*;»Wfc£oTW6IB£Sn£fe© , 7?«fc:V>. 
io HjIMJ l 

15 IC&^T 6 0 0 < CT4B#F B 1J!jP^bT, tfr5fe&#fc. (ifflll 
@t&<30iM^) Ojllfflfi (SEM) 2 RtfB 3 

fiiaigtUT, ^m^, 9 0 0 < CT4Btr^®^#tllIt 
fc Q I CDlSt©I^O S E M?I<£EI 4 CSto m.&-&&£.V. 
20 %&mZ4 8 nmT&o fc» 

#Cfc, lOl^lgt^tT, }«£&3X^y-;i/£ 5 0m 1 ©ffl 

fro i^mfcx^;-jv^4 0Mfi$t < tscw&. mm 



WO 2004/059308 PCT/JP2003/0 16469 

11 

*5l53 0 0 0mPas <D tf t ^ ;i/ £ 2iD « t:k^;i/tLTX^t 

ti&mti&KDmmx-m, m^.<ow.itmmm% , t^^sio, 20, 3 
iwjbfcfc©^^* 5 o ox:-v5mmumv, m^x, ^ 

15 m,* 1 0 5 0 < CT2Bt^^^*tf $^#ffi^m^#£&3ff$l£# 
7^o J; -5 lZVTn<E>nfrmm<D S EM?^$0 5 ^ 6.0 8 iC^To 

5 0, 3 0 , 2 0 , RtX 1 0 fi*%T&<5^-X h ^ffi^T#e.tlfelP 
I0SEM?|T$§. 09K:, 0 6 "To £fc> JtS^^J 1 

W4E:&b, ^>T, £&<f> 1100, 1000 ICT 2 R#F B l$&/££fTo 
feo 0 1 0 IC, 110 O'C^^LfefeO^^To 

25 t>rfc, x^y-;i/$®-a-t-^x@^i^<£riiis^i 1 tm&flrXff^mm 

s^ItL fc^b, m^b^ofi»%«i 0, 3 0, 7kZ$ 5 0 11%© 



WO 2004/059308 PCT/JP2003/0 16469 

12 

t^5Wl©SEM?I^St. WJl0JIIfc}i, 1100, 10 
15 o TOiitt9 0nml?^ofc. 0 6 £ El 9 \Z^ b tc&HWm Wk 

±\z. xrtyfmz&QM&vmwi&vtcmi&nm&WLtt. ^n\zB& 

&mm&m^z>tcsb\z, ±&&mmzmfrz&2> z\t\z& Dm^JEE^ 
awmmmtvx. muz. i$^u. oatmt^tts, 



WO 2004/059308 PCT/JP2003/016469 

13 

v zco'pti^jiifi. mmft&mmwftt vxo^ii^mmt vxks. v 
mi 





R (MQ) 


or (S/m) 


600 


19.7 


5.0X1O 4 


700 ! 


3.84 


2.2xl0" 3 


800 


0.604 


l.OxlO" 2 


900 


0.127 


4.7xl0' 2 


1000 


0.0307 


1.8X10" 1 



)fc\z, m^^JS^O. OlOatm^U. 0 a tml:^lt§t$^ 

8 0 0^ fc*5tt£J&^Rf f!S ( 9 0 «2 0ms SkTXfo X) , Jft^ 

^2 



jag (°c) 


n (Rocpi*0 


600 


9.1 


700 


6.5 


800 


5.6 I 


900 


5.5 


1000 


5.8 



WO 2004/059308 PCT/JP2003/016469 

14 

^M&m 1 2 Kl5K«r. S^UT*5. 10 0 nm&jg*.TV>fc. fi!o 



3 



20 S^m-feU ^A7K»?K^^*^'>«»^;p3-^A7lci»«SC e : Z r = 
25 mmm±Tft~Dfr 0 Z\(D£5 l;LT> im3-')Aii?2 0mol% 



WO 2004/059308 



PCT/JP2003/016469 



15 

fiifctft^nz^Asi omo i xtttsmt'tw j^^iwmm 
5 omo 1 xt?*? ?y trifi'piz^z. ttfrnm-v^s mt^jv 

15 ^^^^^^§^^#,(D#?L#ffm^®[it-r^c:<h^pl^T*^, 2) 

20 Tc, 3) C1<Z)MjS^^^J; D#6n§#?L#:)?10¥^ti}i2 0 0 n 



WO 2004/059308 



PCT/JP2003/016469 



16 

*m * w ic # £ n & w & © © iz w.j&& z * « & & 

9( i mm<D &nwmmo 

15 3 . ilIX@(C«J; 0 »j$:B£ii-fct&*0¥:£fim#*'.hS < T 

*>4 5 nmTSSi^ 1 8B*fc©#?L#01K<0«ji:#8s. 

4 . MSX@M©i|ft*©¥:^i£^ 1 0)5^45 nm7k}i!t-e& 

5 . mmwumiz&^T, sso e. 9 2 ottii; 

6 . 7s v iz£®z>MikW(Dmm& : & io^&3o mm% \z 

25 jR©»ift?£&. 



WO 2004/059308 PCT/JP2003/016469 

17 

, ^^^y^CD^^Vi, ^t#^2 0 Onm^TT, 8 0 Ot:iCfe(t§ 



WO 2004/059308 



PCT/JP2003/016469 



1/12 















l 










I 




Tr- 




affic 


I 










I 













mi 



PCT7JP2003/016469 



2/1 2 



BEST MhiimiM COPY 




WO 2004/059308 



PCT/JP2003/016469 



3/1 2 



3 




03 



WO 2004/059308 PCT/JP2003/016469 




H4 



WO 2004/059308 



PCT/JP2003/016469 




WO 2004/059308 



PCT/JP2003/016469 




16 



WO 2004/059308 



7/1 2 



PCT7JP2003/016469 




BEST AVAILABLE COPY 




BEST AVAILABLE COPY 



WO 2004/059308 



9/1 2 



PCT/JP2003/016469 




09 

BEST MAILABLE COpy 



WO 2004/059308 



10/12 



PCT/JP2003/016469 




m i o 

BEST AVAILABLE COPY 



/I 2 




1 



WO 2004/059308 



12/12 



PCT/JP2003/016469 




mi 2 

B eST AVAILABLE 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/16469 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 G01N27/12 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 G01N27/12 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
JICST(JOIS) / WPI 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



N Izu/et al., Resisitive Oxygen Gas Sensors Based 
on Fine Powders of Cerium Oxide Prepared by Mist 
Pyrolysis, Chemical Sensors, 04 December, 2001 
(04.12.01), Vol.7, Supplement B, pages 151 to 153 

N izu/et al., Numerical analysis of response time 
for resisitive oxygen gas sensors, Sensors and 
Actuators B, 15 November, 2002 (15.11.02), 
Vol.87, No.l, pages 99 to 104 

H.J.BEIE/et al., Oxygen Gas Sensors Based on Ce02 
Thick and Thin Films, Sensors and Actuators B, 
05 July, 1991 (05.07.91), Vol.4, No. 3, pages 99 ■ 
to 104 



1-8 



1-8 



1-8 



|~x"| Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of cited documents: 

u A n document defining the general state of the art which is not 

considered to be of particular relevance 
"E w earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"CP document referring to an oral disclosure, use, exhibition or other 
means 

"P* document published prior to the international filing date but later 
than the priority date claimed 



U V later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

T document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

" Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
23 March, 2004 (23.03.04) 



Date of mailing of the international search report 
13 April, 2004 (13.04.04) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form Pr.T/TSA/210 fRft^-mri shR*f> fTnlv IQQJtt 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/16469 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


T . IVERS-TIFFEE/et al., ELECTRONIC CONDUCTIVITY OF 
CERIA, High Tech. Ceramics, 23 October, 1987 
(23.10.87), pages 1933 to 1941 


1-8 


A 


Noriya IZU et al . , "Sanka Cerium Biryushi o 
Mochiita Teikogata Sanso Gas Sensors", The Ceramic 
Society of Japan, Dai 14 Kai Shuki Symposium Koen 
Yokoshu, 26 September> 2001 (26.09.01), page 14 


1-8 


A 


JP 56-58 652 A (Matsushita Electric Industrial 
Co., Ltd.), 

21 May, 1981 (21.05.81) , 
Full text; all drawings 
(Family: none) 


1-8 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



mtUmg^ PCT/JP03/1 6469 



a. %>m<Dj%-r?>ftm-<nftm mmmiM (ipo) 

Int. CI 7 G 0 1 N 2 7/1 2 



B. 



fME«rtTofc*/M««» (m%&fft&M (IPC) ) 
Int. CI 7 GO 1N2 7/1 2 



s^mmmmm^m 1922-1996^ 

u^m^mmmmm^WL 1971-2003^ 

a*m&m.nmmm4tm 1994-2003* 

B:#:|5lgffl*f^$ifc&j$ 1996-2003* 



m&m&tmm bfc®^-*-<-* (T—r^-xtDzm. m^mmvftmm) 

J I CST (JO I S) , WP I 



3\RIXffil<D 



N Izu/et al, Resisitive Oxygen Gas Sensors Based on Fine Powders 
of Cerium Oxide Prepared by Mist Pyrolysis, Chemical Sensors, 20 
01. 12. 04, Vol. 7, Supplement B, p. 151-153 

N izu/et al, Numerical analysis of response time for resisitive 
oxygen gas sensors, Sensors and Actuators B, 2002. 11. 15, Vol. 87, N 
o. 1, p. 99-104 



1-8 



1-8 



Xffi. (SSSrW-T) 

roj p^^isre^, mm. mmm^Rirzxm 
rpj brum hot?, ^ogjfei©±s©s« ttezam 



r Tj HggWK B x««$fc b $ ix«i-Cfeot 

tyj ¥f\£M&<ohzxmx~3box, mmxmtmoi&L 
r&j i^-^xv h7 7 ^ y— jfcm 



2 3. 0 3. 0 4 



1 3. 4 , 2 Q04 



H*H4#ff^ (I SA/J P) 
^##1 0 0-89 1 5 



2 J 



3 0 10 



®ff#-5§" 03-3581-1101 rtSU 3 2 5 1 



iSIPCT/ISA/2 10 (12^-i?) (1 9 9 8*7,8) 



mtamm^ PCT/JP03/1 646 9 



C (M%) . 



H J BEIE/et al, Oxygen Gas Sensors Based on Ce02 Thick and Thin 
Films, Sensors and Actuators B, 1991. 07. 05, Vol. 4, No. 3, p. 99-104 

T IVERS-TIFFEE/et al, ELECTRONIC CONDUCTIVITY OF CERIA, High Tech 
Ceramics, 1987. 10. 23, p. 1933-1941 

5^ *m£?ss 1 4 w\&^»-7fii? v ^vm=mM, 2001. 09. 2 

6, p. 14 

JP 56-58652 A (&T*«K%i*3££fc> » 1981. 05. 21, 



1-8 



1-8 



1-8 



1-8 



i^PCT/ISA/2 10 (fg2-<-^g£#) (1 998*7^) 



